BACKGROUND/OBJECTIVES: The prevalence of obesity, defined as body mass index (BMI) ⩾ 30 kg/m 2 , differs between populations; however, there is a need for data on description on body composition in reference populations of different ages and from different countries. The objective of this study was to pool dual-energy X-ray absorptiometry (DXA) body composition reference data from population-based Swedish cohorts. SUBJECTS/METHODS: Four population-based cross-sectional cohort studies including 1424 adult Swedes were divided into five age groups (20-29, 30-39, 40-49, 50-61 and 75 years of age); BMI 24.6 ± 3.9 kg/m 2 were pooled. Body composition was measured with DXA. RESULTS: The difference in BMI from the youngest to the oldest age group was 3.2 and 4.3 kg/m 2 in men and women, respectively (P o 0.001, both sexes), and fat mass (FM) was 9.9 and 9.1% higher in the oldest compared with the youngest men and women (P o 0.001, both sexes). Fat-free mass (FFM) remained stable up to 60 years of age in men (P = 0.83) and was lower at 75 years of age compared with the younger ages. In women, FFM was lower from age 60. From youngest to oldest age groups, height-adjusted FM differed from 4.6 to 7.8 kg/m 2 in men and from 6.8 to 10.8 kg/m 2 in women (P o0.001, both sexes). CONCLUSIONS: Our results provide reference data on body composition in Swedish populations. BMI and FM were higher among older age groups compared with the younger ones. FFM remained stable up to 60 years of age and was lower first among the 75 years of age.
INTRODUCTION
The prevalence of overweight and obesity has increased differently between countries. 1 These differences depend on factors such as the composition of gender, age, ethnicity groups and several environmental and lifestyle factors within a population. Changes between fat mass (FM) depots and lean mass may also change differently between populations because of these factors. Therefore, the validity of extrapolations from one population with a specific sex-, age-and ethnic composition to another with a different composition is not known. The clinical significance of reference data of body composition includes several aspects such as understanding of changes in body composition by increasing age, in relation of sarcopenic obesity and the importance of changes in FM and fat-free mass (FFM) in relation to development of common metabolic diseases within a population. Body composition may not be superior to for example, waist circumference in relation to disease risk, but can add complementary information to this and other measurements of body fat distribution.
Previously published body composition data from different populations have found secular trends of increased FM and decreased FFM during aging in longitudinal studies. 2 In addition, differences in body composition between ethnic groups have been shown. 2 However, some of the studies on body composition were performed in nonrandomly selected samples 3, 4 and/or were limited in size. 4 The aim of the present study was to compile body composition measurements by dual-energy X-ray absorptiometry (DXA) in adult men and women from four population-based studies in Sweden, in order to provide reference data for adult Swedish populations.
SUBJECTS AND METHODS
Four population-based studies including subjects randomly selected from the general population [5] [6] [7] [8] were pooled including, in total, 623 men and 801 women. Subjects were 20-75 years of age (mean age 45 ± 12) and a body mass index (BMI) of 24.6 ± 3.9 (16.4-45.4 ) kg/m 2 ( Table 1 ). The ages ranged from 27 to 61 years of age with no subjects between 22 and 26 years and 61 and 75 years. The participants were all inhabitants in South-Western counties of Sweden. Almost all subjects were of Swedish origin, had no serious self-reported health problems, were ambulant and were non-institutionalized. Each participant was included in only one of the four studies.
The young adult study
The main aim of the young adult study was to obtain reference data for body composition in Swedish adolescents. 8 The study included originally 209 boys and girls (69% of invited) aged 15 years at the first examination. Participants were re-examined at the age of 17 and 21 years, respectively. 8 For the purpose of the present study, 49 young men and 56 young women with DXA measurements on body composition at the age of 21 years were included.
The Mölndal Metabolic study
The Mölndal Metabolic study aimed to study associations between body composition, energy expenditure, dietary intake and risk factors for diabetes and cardiovascular disease in a younger and an older group of men and women. 6 Fifty men and women aged 27-31 years and 50 men and women aged 57-61 years (48-68% of invited) were examined.
The Swedish Obese Subjects (SOS) reference study
The SOS reference study originally included 1135 men and women in the age range of 37-61 years of age. 5 In the present study, 1121 subjects with complete DXA measurements were used ( Table 1 ). The purposes of the SOS study, which consisted of exclusively obese subjects, have been presented elsewhere. 9 The geriatric and gerontologic population study
The aim of the pooled study groups of the Geriatric and Gerontologic Population Study (H70 study) was to validate bioelectrical impedance spectroscopy against DXA and establish body composition reference values among elderly Swedish men and women. 7 The study was a followup of a population-based study on 70-year-old men and women, representative of their birth cohort. In the present study, 50 men and 48 women, all 75 years of age, were included.
The anthropometric and DXA measurements in the four studies were performed between 1990 and 2006 in Gothenburg, Sweden. In the SOSreference study, 98 women and 79 men were measured by both anthropometry and DXA body composition in Örebro, Sweden. Body height was measured to the nearest 0.01 m with the subject standing back to a wall-mounted stadiometer in light indoor clothing with bare feet. Weight was measured to the nearest 0.1 kg with calibrated scales. BMI was calculated as weight in kg divided by height in meters squared (kg/m 2 ).
The DXA scanner used in the studies by Larsson et al., 5 Gummesson et al. 6 and by Lantz et al. 8 was a LUNAR DPX-L (Scanexport Medical, Helsingborg, Sweden) with software version 1.31 and with the extended analysis program for total body analysis (LUNAR Radiation, Madison, WI, USA). The technique is further described elsewhere. 5 The DXA scanner used in the H70 study was a Lunar Prodigy scanner (Scanexport Medical). 7 The precision of the two DXA scanners on bone mineral content and FM measurements were in the same range. 5, 7 Skeletal muscle mass was calculated from DXA appendicular lean soft tissue (ALST), defined as the sum of lean soft tissue in the arms and legs. Total body skeletal muscle mass (TBSMM, kg) was calculated as TBSMM = 1.19 × ALST − 1.65 according to model 1 by Kim et al. 10 
Statistical analysis
Descriptive anthropometry and body composition are presented as the means and s.d. for men and women separately. Relative FM was calculated as FM in kg divided by total body weight multiplied by 100. Fat mass index was calculated as FM in kg divided by height in meters squared (kg/m 2 ), and fat-free mass index (FFMI) as well as skeletal muscle mass index were calculated as FFM and skeletal muscle mass, respectively, divided by height in meters squared (kg/m 2 ). The subjects were divided into one of the following five age groups: 20-29, 30-39, 40-49, 50-61 and 75 years of age. Age-trend calculations were performed individually in all men and women in order to determine whether there were linear trends by age. FM and FFM were divided into percentiles by age groups in men and women, respectively. A Po0.05 significance level was used in two-sided tests. The statistical analyses were conducted with the JMP statistical software package, version 10.0.2 (2012 SAS Institute Inc., Cary, NC, USA).
Ethics
The ethics committee of the University of Gothenburg approved all four studies. Informed consent was obtained from all subjects before the examinations.
RESULTS

Age and anthropometry
In the pooled group, men were 46.3 ± 13.5 and women were 45.5 ± 12.8 years old (Table 1) . BMI was 25.6 ± 3.2 and 24.6 ± 3.9 kg/m 2 (range 16.4-45.4 kg/m 2 , both sexes). In the H70 study, both men and women were significantly shorter, heavier and had a higher BMI compared with the subjects in the other three studies. Across the five age groups from 20 to 75 years of age, BMI increased with +3.2 and +4.3 kg/m 2 in men and women, respectively, Po 0.0001, both sexes (data not shown).
Prevalence of overweight and obesity
The prevalence of overweight and obesity defined as BMI 25.0-29.9 and ⩾ 30 kg/m 2 , respectively, are presented in Table 1 . The prevalence of obesity was between 1.4% in the youngest men and 14% among the oldest men (data not shown). The prevalence of Table 1 . Age, height, weight and BMI in the pooled group and separately in the four Gothenburg population cohorts
The pooled group
The young adult study 8
The Mölndal Metabolic study 6 The SOS reference study 5
The obesity was between 2.4% in the youngest women to 27% in the oldest women.
Body composition by age groups
Fat mass. DXA-determined FM increased from 20 to 75 years by 8.7 and 9.1 kg in men and women, respectively (Table 2) . Correspondingly, %FM increased across age groups with 9.9 and 9.1% in men and women, respectively. Height-adjusted FM is presented in Table 2 and Figure 1a . All changes in FM across the age groups in both sexes were statistically significant, P o0.0001.
FFM and skeletal muscle mass. In men and women, FFM was lower in the oldest age group (75 years) compared with the youngest (Table 3 ). However, when FFM in men between 20 and 60 years of age was analysed, there was no difference between the age groups (P = 0.83, not shown), whereas FFM in women 60 years of age was significantly lower compared with the younger (P o 0.05, not shown). In women, both FFMI and skeletal muscle mass index did not change statistically significantly over the age groups, whereas in men FFMI increased somewhat across the age groups to the age of 60 and became lower thereafter ( Table 3 , Figure 1b ), while skeletal muscle mass index became lower with higher age groups in the male subjects (Table 3 ).
In both men and women, there was a significant difference in FM between age groups in which the older subjects were found to have 9 kg higher FM compared with the youngest Although the oldest compared with the youngest men and women had lower FFM, those between 20 and 60 years of age were found to have approximately the same FFM.
Percentiles of FM and FFM. At the 10th percentile, the difference between the oldest compared with youngest ages was +6.5 kg FM in men compared with +5.5 kg FM in women (Table 4 ). At the 90th percentile, the difference between the oldest compared with youngest ages was +4.2 kg FM in men compared with +9.8 kg FM in women (Table 4 ). At the 10th percentile, the oldest men had 4.5 kg less FFM than the youngest men ( Table 5 ). The oldest women had 3 kg less FFM compared with the youngest women. At the 90th percentile, the oldest men had 4.3 kg less FFM than the younger ones. The oldest and the youngest women had approximately the same amount of FFM at the 90th percentile ( Table 5 ).
DISCUSSION
The usefulness of reference data on body composition such as these presented here is that reference samples obtained from different countries can be compared. In addition, from a clinical perspective, body composition per se and changes in FM and FFM by age can add complementary information to measurements of body fat distribution in relation to sarcopenic obesity and development of metabolic disease by age.
In this pooled group of adult Swedish men and women, FM expressed in both absolute and relative terms increased over the age groups, whereas FFM remained stable up to~60 years of age and seems to decrease from there until 75 years of age. The differences in BMI across the age groups found in the present study seem to reflect increase in FM but do not reflect the stability in FFM during middle life and the decrease in the oldest age group.
Comparisons of body composition can be made with reference data from the US NHANES (National Health and Nutrition Examinations Survey), which had higher BMIs than in the present data set, and in which body composition was obtained with the same measurement technique. 2 In a sample of Swiss adults where body composition was measured with bioelectrical impedance analysis consisted of healthy subjects from Western Europe. 4 Another use of population-specific body composition reference data is when body fatness differs between populations at the same BMIs. Different Asian populations show higher degree of fatness compared with populations including Caucasians at the same BMI. 11 Thus, population-specific body composition reference data may be useful in a discussion of different cutoffs for BMI based on body fatness and its association with disease risk. 12 FFM, and specifically muscle mass, is generally considered to decrease throughout adult life. 13, 14 Although this seems to be true across older age groups, it may not, on a group level, be the case from young adulthood up to 61 years of age. FFMI is proposed to assess body composition in individuals who have similar body composition but differ in height 15 in analogy with height adjustment of weight. 16 FFMI has been proposed to allow identification of those suffering from malnutrition, wasting or those who possess a relatively high muscle mass, and also to identify sarcopenic obesity. 15, 17 Thus, for clinical purposes, there is an increasing interest to assess nutritional status in terms of height-adjusted body compartments.
In women, we found that FFMI was not significantly lower, although FFM was, in the older age groups. This can be seen as contradictory but the denominator in this ratio; height did not change until the age groups of 61 years and older. Thus, with squared height, as an unchanged denominator, there were only minor changes in the ratio. In males, height decreased from the youngest age group through the four older age groups and, accordingly, male FFMI increased somewhat to the age of 61 years. This shows the importance of different heights in relation to body components. The stability in FFM up to 61 years of age found in both men and women in the present study may be explained by that fact that it is especially healthy individuals who have an active lifestyle that agree to participate in this type of study. We have no information on physical activity level in the study groups to confirm or reject that the older subjects are physically active for their age group. On the other hand, we do not know how much physical activity is enough to preserve FFM when growing older. The four studies included in the present pooled cohort are randomly selected groups from the general population and the results differ from other body composition studies that did not include randomly selected groups. 3, 4 Thus, the generalizability of these results should be acceptable to adults between 20 and 61 years of age. Although a lack of a continuum in the age interval, between 62 and 74 years, we think it is reasonable to assume the appropriateness that FM is higher and FFM is lower in subjects 75 years of age compared with those of 61 years of age as indicated in the present study.
In 2010/11 in Sweden, the prevalence of overweight was 45% in men and 30% in women. 18 The prevalence of obesity was 13% in men and 11.5% in women. From 1990-2006 to 2010/11, the proportion of Swedish adults with overweight has been fairly stable, whereas the proportion of obese men and women has increased. These national data based on self-reported height and weight show that BMI in men 16 years and older has increased from 24.4 to 25.8 kg/m 2 from 1988/89 to 2010/11. Among women of same ages, an increase in BMI between 23.3 and 24.5 kg/m 2 was shown. 18 This represents an average increase of approximately 5 kg in men and 4 kg in women. In the NHANES 1999-2004, 2 the prevalence of overweight was 41% in men and 28% in women. Correspondingly, prevalence of obesity was~28% in men and 33% in women. The NHANES populations include large groups of different ethnicities including Caucasians, with different prevalence of overweight and obesity, whereas in the present study almost all are of Scandinavian origin. The differences in the ethnic background, average BMI, prevalence of overweight and obesity between populations call for the need of more population-specific body composition reference data.
Although this pooled data set from four population-based studies has a limited sample size compared with, for example, NHANES study groups, 2 the presentation of FM and FFM in commonly used percentiles by age groups makes it possible to compare percentile ranges with other study groups. 2 There are limitations of the present study. In a longitudinal study, true changes over time can be described. As this was not possible, the cross-sectional design of the present study has to be seen as a limitation and, thus, we cannot exclude that secular trends in weight or body composition may have influenced the results. The vast majority of the subjects (497%) included in the four studies were healthy Caucasians (Northwest European). Thus, conclusions cannot be extended to groups of other ethnicities.
The weight limitation of the Lunar-DPX-L DXA equipment resulted in that subjects with body weights above 110 kg could not be included, and thus limited the study group regarding body weight and body composition. The anthropometric and body composition data in the four studies that constitute this study population were collected during 16 years. Over such a time period, secular trends in prevalence of overweight and obesity that may also affect body composition components that is, FFM and FM. Another limitation is that we do not have data on physical activity level of the participants. With such we may have been able to discuss the findings in FFM across age groups.
One of the strength with the study is that all participants were inhabitants in the same region of Sweden. Moreover, all four of the included studies used the DXA body composition technique and DXA equipment from the same manufacturer. All anthropometric data were measured, avoiding potential bias of selfreported height and weight. When the four studies were pooled, sample size became large compared with European body composition studies 4 but small relative to U.S. datasets. 2 
CONCLUSIONS
In these reference data on body composition in Swedish populations, BMI and FM were higher among older age groups compared with the younger ones. FFM remained stable up to 60 years of age and was lower first among the 75 years of age. As the prevalence of overweight and obesity differs between populations, so also body components, in particular FM and FFM; population-specific reference data are important. The use of such information in research areas, including nutrition, energy metabolism and obesity-specific diseases, is valuable to increase the validity of conclusions regarding body composition in specific populations and may protect from spurious assumptions about body composition data that are not valid for the studied group.
